INTRODUCTION AND MAIN RESULTS
In the present paper we consider the Cauchy problem of the KleinGordon-Zakharov equations in three space dimensions:
where at = and u(t, x) and n(t, x) are functions from R+ x R3 to C3
and from R+ x R3 to R, respectively. The system (1.1)-(1.2) describes the propagation of strong turbulence of the Langmuir wave in a high frequency plasma (see [15] ). The usual Zakharov system is derived from ( 1.1 )-( 1.2) through the physical approximation procedure.
In the present paper we consider solving ( 1.1 )-( 1.3) around the zero solutions. There are many papers concerning the global existence of small solutions for the coupled systems of the Klein-Gordon and wave equations with quadratic nonlinearity (see, e.g., [1] , [5] - [7] , [9] , [10] , [12] and [13] ).
The methods to solve those systems can be classified into two groups (for a good review of this matter, see Strauss [14] ). One is to use the Sobolev space with weight related to the generators of the Lorentz group. This was developed by Klainerman [9] and [10] . The combination of this method and the null condition technique has produced several nice applications to the hyperbolic systems of physical importance (see, e.g., Bachelot [1] ] and Georgiev [6] ). However, this method does not seem to be directly applicable to ( 1.1 )-( 1.3). In fact, since the system ( 1.1 )-( 1.2) consists of the Klein-Gordon and wave equations with quadratic nonlinearity in three space dimensions, we need to use not only the Sobolev norms with weights related to the generators of the Lorentz group but also the null condition technique (see, e.g., Georgiev [5] and [6] ). But the nonlinear terms in (1.1) and (1.2) do not seem to satisfy the null condition as they are. Another method is based on the theory of normal forms introduced by Shatah [12] , which is an extension of Poincare's theory of normal forms to the partial 461 NORMAL FORM AND GLOBAL SOLUTIONS differential equations. See also [16] and its references. In this paper we apply the argument of normal form to ( Here we use the argument of normal forms of Shatah [12] to transform the quadratic nonlinearity into the cubic one. However, in our problem the transformed cubic nonlinearity is represented in terms of the integral operator with singular kernel. The singularity of the integral kernel makes it difficult to solve ( 1.1 )-( 1.3). This is different from the case of the system containing only the Klein-Gordon equations, where the integral kernels of the resulting integral operators are regular (see [12] Part (i) of Theorem 2.7 follows immediately from Lemma 2.6 (i) and (2.54). In the proof of Theorem 2.7 (ii), we need to use the logarithmic Sobolev inequality for N = 2, together with Lemma 2.6 (ii) and (2.54) (see [3] ). H-1 (RN ) . However, the uniqueness of the above solutions in the energy class is not yet known.
PROOFS OF MAIN RESULTS
In this section we describe the proofs of Theorem 1. ( 1.1 )-( 1.2) .
We show the following lemma, which will be useful in deriving the decay estimates of v and m. (ii) We next prove (ii). 1)-(1.3) . Let (u, n) be the local solutions of (!.!)-(1.3) given by Lemma 2.6 (ii), (iii) and let (v, m) be the functions given by the transformation (3.1)-(3.2). We put for t > 0. Let 8 be a positive constant satisfying the relation (1.6), which will be determined later.
We begin with the lemma concerning the decay estimate of the solutions. Proof -We rewrite (3.14) and (3.15) 
